Many elasmobranchs are in decline in the Caribbean and the most likely cause for is the combination of high fishing pressure and slow reproductive life-history characteristics (Ward-Paige et al., 2010) .
Elasmobranchs are a subclass of cartilaginous fishes comprising sharks and rays. A key ambition of the Dutch Caribbean Nature Policy Plan 2013-2017, is the effective implementation of elasmobranch protection. The main objectives of the protection plan are: 1) to broaden the knowledge of shark and ray species and their population status;
2) to ensure that fisheries activities are sustainable;
3) to ensure that an adequate management framework is in place; 4) to ensure that an effective communication, education and outreach strategy is implemented;
Distribution and abundance of elasmobranchs in the Dutch Caribbean has been poorly understood (Meesters et al., 2010) . Several studies have been conducted recently to start documenting the occurrence, diversity and relative abundance of shark and ray species in the Dutch Caribbean (Van Beek et al., 2013; Van Kuijk, 2013; Van Looijengoed, 2013; Stoffers, 2014; Van Beek et al., 2014; Winter et al., 2015) . These studies revealed that at least 30 shark and ray species potentially occur in the Dutch Caribbean, of which 13 species are internationally recognized as threatened by the IUCN Red list. Recent studies using baited remote underwater video (BRUV) on Saba, Saba Bank and St Eustatius demonstrated a possible relatively high abundance of reef associated sharks, in particular Caribbean reef sharks and nurse sharks (Van Kuijk, 2013; Van Looijengoed, 2013; Stoffers, 2014) . However, knowledge about the status of elasmobranchs in the shallow coastal waters of Bonaire, Curaçao and St
Maarten was still lacking. In the coastal waters of these three islands BRUV studies were conducted within this project during 2015-2017.
In addition to BRUV research, this project made use of acoustic telemetry to gain knowledge on dispersal, migration, between island connectivity and meta-population structure. In 2014 WMR (IMARES) conducted an acoustic telemetry pilot study on two shark species, Caribbean reef shark (Carcharhinus perezi) and nurse shark (Ginglymostoma cirratum) in the waters around Saba to collect data on individual movement and habitat use of these key species (Winter et al. 2015) . This telemetry study was expanded to also include the Saba Bank, St Maarten and St Eustatius from 2015 onwards.
This study is carried out for the Dutch Caribbean Nature Alliance and financed by the Dutch Postcode Lottery (Postcodeloterij).
Aim of the project
The first aim of the project is to conduct a base-line survey to describe the current elasmobranch (shark and ray) diversity, distribution, abundance, spatial behaviour and population structure and exchange on Furthermore, the base-line survey can identify elasmobranch "hot spots" or nursery areas and this information may be used for the design of future reserves to improve protection.
The second aim is to assess individual movement patterns of sharks that use coral reefs during different life stages using acoustic telemetry. This provides insight in which habitats are used throughout the year (e.g. for feeding or nursery for juveniles), as well as the degree of site fidelity and scale of the home ranges of individual sharks. By building a network of detection stations (receivers) at several adjacent islands or reef systems movement patterns of sharks with transmitters give insight in the occurrence of longer migrations, dispersal and rate of exchange between different reef systems. This ultimately enables to determine meta-population structure; e. Legria HFG10 video cameras assembled to a steel frame, 70 cm apart and inwardly converged at 8 degrees (Figure 3 .1). The frame is equipped with a synchronising diode and bait bag containing approximately 800 grams of fatty fish positioned at 1.5 meters distance in front of the cameras. More details on materials can be found in each of the reports from St Maarten (Kramer & Odinga 2015) ,
Bonaire (Ruijs 2017) and Curaçao (Reid Navarro 2018). One (stereo) BRUV deployment obtained approximately 60 minutes of continuous video footage. In total, three camera systems were available during this study and could be operated concurrently provided that sample locations were at least 500 meters apart to reduce overlap of bait odour plumes (Willis & Babcock 2000; Harvey et al 2007; Heagney et al, 2007) . Initial identification of sharks was later checked by other researchers based on the footage.
The maximum number of sharks in one frame during a deployment was used (MaxN) to indicate abundance and to avoid double counting of sharks. Some areas remained under sampled due to adverse sea conditions during the survey periods, e.g. mainly on the wind exposed sides of the islands. 
BRUV St Maarten (2015)
The BRUV study on St Maarten was carried out between 1 March and 3 May 2015. A total of 115 BRUV deployments were performed divided over different management zones and habitat types (Kramer & Odinga 2015) . In addition to the St Maarten side of the island which was the target area of this BRUV study, in addition also 18 BRUVs were also placed on the French side of St Maarten (see Figure 3 .2). 3.1.4 BRUV Curaçao (2016) (2017) This study was conducted between September 2016 and January 2017 in the surrounding waters of Curaçao (Reid Navarro 2018). In total 164 BRUV deployments were carried out (see Figure 3 .3). In addition to the standard BRUV survey, also a pilot was carried out with placing BRUVs at 80m and 300m during 4 dives with a small submarine of substation Curaçao (Reid Navarro 2018). 
Acoustic telemetry
To study movements of individual reef sharks, biotelemetry methods were used. The target species for this study were Caribbean reef shark (Carcharhinus perezi) and nurse shark (Ginglymostoma cirratum).
The selected tracking method was acoustic telemetry, using Vemco VR2W receivers and V16 transmitters. V16 transmitters can be detected by the VR2W receivers within a range of about 450 m up to 850 m depending on the environmental conditions (e.g. wind). The life span of the batteries of the transmitters is 4.5 year. The battery life of the receivers is 15 months after which the batteries needed to be replaced. The V16-4H transmitters were programmed to emit a unique acoustic signal with an average interval of 80 seconds (programmed with random delays between 50-110 seconds to minimize collision rate between signals from different transmitters when more tagged sharks are present around one receiver). The network of 8 receivers that already existed around Saba since 2014 was expanded with 24 more receivers in 2015 to also include Saba Bank (8 receivers, mainly alongside the eastern reef drop off of the Bank), St Maarten (8 receivers) and St Eustatius (8 receivers) (Table 3 .1). This network of 32 receivers enables to measure residency and movements of individual sharks within a reef system and detect eventual movements between these different reef systems. The method of deployment was using concrete blocks and a rope with a float about 1.5 m above the seafloor as described in Winter et al. 2015 (figure 3.5). Based on the pilot study around Saba, rod and line was selected as the preferred method for catching sharks (Winter et al. 2015) . We used rounded hooks to enhance optimal hooking in the outer jaw with minimal chance on deeper hooking (during this study all sharks were neatly hooked in the corner of the mouth). With help of the staff and assistance of the local Nature Foundations and students, in total 16
sharks (13 Caribbean reef sharks and 3 nurse sharks) were caught and released with a Vemco V16 transmitter implanted according to the method described in Winter et al. (2015) (see Table 3 .2. for details on species, date and location of tagging). During this study we could also use the data and presence (battery life of the used transmitters is minimal 4.5 years) of the 12 sharks (8 Caribbean reef sharks and 4 nurse sharks) that were tagged in 2014 around Saba (these are also included in Table   3 .2).
In total 21 Caribbean reef sharks (9 males and 12 females) and 7 nurse sharks (2 males and 6 females)
implanted with transmitters could be tracked within the network of 32 receivers. The batteries of the receivers last 15 months and were replaced on average each year. Then also a read out of the data was was kept in operation also after November 2016 as was originally assigned for in the project tender. In 2017, two devastating Cat. 5 Hurricanes Irma and Maria (September 2017) caused the loss of 6 more receivers and damaged 2 receivers around St Maarten. The last data retrieval for this report was performed during February-March 2018. Currently, the network is still in place and functioning.
Therefore the tagged sharks will yield more data and results than presented in this report. Kramer & Odinga 2015) . In 18 deployments, a total MaxN of 37 sharks were observed. Of these, 21 were Caribbean reef shark, 15 were nurse shark and 1 tiger shark. Most reef sharks (both Caribbean and nurse) were seen in the Conservation Zone (Figure 4 .1). The tiger shark was observed on the east coast of the Dutch part of St Maarten. 
BRUV Bonaire
During 2016, 110 BRUV deployments were carried out around Bonaire (Ruijs, 2017) . Two shark species were observed, 11 MaxN Caribbean reef shark and 1 Great Hammerhead (see photo). The Caribbean reef sharks were almost exclusively observed at the southern and northern tips of Bonaire, and only one more observation at the north-west side of the island. The Great hammerhead was observed at the most easterly point of Bonaire. Besides the two shark species, two ray species, i.e. spotted eagle ray and southern stingray, were observed. As for the Caribbean reef sharks most rays were seen in the southern and northern tip of the island.
BRUV image of Great Hammerhead at the eastern side of Bonaire (still from BRUV footage) 
BRUV Curaçao
During 2016-2017, 164 BRUV deployments were carried out around Curaçao (Reid Navarro, 2018). In total 9 sharks were observed. Of these, 5 were Caribbean reef sharks, 3 were blacktip sharks and 1 was firstly identified as a scalloped hammerhead (Reid Navarro, 2018), but later corrected to great hammerhead based on the BRUV footage. All these sharks were observed at the south-easterly tip of Of the 28 sharks tagged, 15 were detected for more than one year, up to 3.5 years for 5 sharks on Saba (where the study already started in 2014) and up to more than 2 years for 7 sharks on Saba Bank and St Eustatius (Table 4 .3). Of these, 8 were still present in the vicinity of a receiver during the last read out in Feb-Mar 2018. Number of detections ranged from 0 (never detected after release) for 2 Caribbean reef sharks at the Saba Bank and St Eustatius to up to ~150,000 for 2 Caribbean reef sharks on Saba and Saba Bank. Most sharks were seen on only one or a few receivers, with a maximum of 5 different receivers. Movements were restricted to only part of the reef system around an island or on the Saba Bank, with usually high residence around a single receiver area. 
Spatial behaviour and residence around Saba
Most Caribbean reef and nurse sharks showed strong residency to a small area, e.g. one side of the island Saba. All sides were used by the different reef sharks, but individuals do not appear to roam around the entire island (see also Leurs 2016) . Out of the 12 sharks, 6 remained present around Saba in relatively small home ranges since 2014 for more than 3 years. As an example Caribbean reef shark 23811, an adult female, stayed at the western side of Saba from late 2014 to early 2018, and has used mainly the pinnacles with short excursions to other sites on the western side of Saba (Figure 4 of Saba, that was recorded on the pinnacles for more than 3.5 years.
Spatial behaviour and residence at the Saba Bank
As was observed for Saba, tagged individuals on the Saba Bank showed a strong residence to only part of the Saba Bank reef system. Two batches of 4 and 6 sharks were tagged and released at a shipwreck in western Saba Bank ( figure 4.7) , and on the north east of the Saba Bank (figure 4.8) respectively. All four sharks tagged and released around the shipwreck in the western part of the Saba Bank were detected throughout the first year, except one that was last seen in May 2016. None of these 4 sharks was detected on the other receivers in the network. Unfortunately the receiver was lost in the year after Oct 2016, perhaps in one of the two Cat 5. Hurricanes that swept the area in September 2017. In March 2018 we dove with two temporary receivers around the shipwreck and on this single day still two of the four tagged sharks were present around the site, suggesting that these sharks also show strong residency (Figure 4.7) . At the north-eastern side of the reef drop off, (as indicated in figure 4.8) , 5 Caribbean reef sharks and one nurse shark were tagged. Three of these (2 Caribbean reef and 1 nurse) were detected at the site of catch and release during long periods from Oct 2015 to March 2018 (figure 4.8). All of these six sharks tagged at receiver 75 at the north eastern side of the Saba Bank were also detected on 1-3 other adjacent receivers along the reef drop-off. But, not at the western receiver on the bank, nor at any of the other islands (Saba, St Maarten or St Eustatius). The results of the sharks tagged on the Saba Bank are in line with what was observed around Saba, i.e. most individuals were observed in relatively small areas for long periods, indicating high residency at small home ranges for at least a substantial part of the sharks at the Saba Bank. Although it should be noted that the receiver coverage of the vast Saba
Bank was very small compared to the large coverage of Saba, which increases the chance that larger movements on the Saba bank outside the eastern drop off side remained undetected. Caribbean reef sharks were seen for shorter intervals during this period (dark green, dark blue), one Caribbean reef shark was not detected at one of the receivers after release.
Spatial behaviour and residence around St Eustatius
In January 2016 
Spatial behaviour and residence around St Maarten
Around St Maarten one nurse shark was caught and tagged within the conservation zone. It stayed within the conservation zone throughout 31 Oct 2015 to 2 January 2016 and was detected on all three receivers within the conservation zone. It was never detected on any of the other receivers outside the conservation zone (figure 4.10). After 2 January 2016 this shark was not detected anymore.
Unfortunately all receivers were lost in the Cat. 5 hurricane Irma in September 2017. • Larger movements were rare within the detection dataset, but two adult Caribbean reef sharks residing for years around Saba made short back trip excursions to the Saba Bank, one nurse shark tagged on Saba showed up more than two years later on the Saba Bank before moving back to Saba.
•
Tagged sharks from other studies were also observed within the network set-up: one nurse shark tagged in a study around the U.S. Virgin Islands moved ca. 160 km to the Saba Bank in 2017, and one juvenile tiger shark moved from St Maarten to the Northwest side of Saba.
The results of both BRUV and acoustic telemetry: i.e. both higher presence of reef associated sharks within the marine parks combined with residence for longer periods within the relatively small home ranges, suggest that protecting areas of coral reef the size of the current marine parks will help in the conservation of at least part of local populations of sharks. Also larger scale movements and connections between adjacent reefs over deeper waters (> 500m deep)
were found. Data is still limited and we do not know the purposes of those movements, but they appear to occur only in adult sharks. For this, larger scale reserves, such as Yarari protecting a network of important habitats and safeguarding pathways between them might be necessary to protect entire populations of reef associated sharks. On the basis of this accreditation, the quality characteristic Q is awarded to the results of those components which are incorporated in the scope, provided they comply with all quality requirements.
The quality characteristic Q is stated in the tables with the results. If, the quality characteristic Q is not mentioned, the reason why is explained.
The quality of the test methods is ensured in various ways. The accuracy of the analysis is regularly assessed by participation in inter-laboratory performance studies including those organized by QUASIMEME. If no inter-laboratory study is available, a second-level control is performed. In addition, a first-level control is performed for each series of measurements.
In addition to the line controls the following general quality controls are carried out:
 Blank research.
 Recovery.
 Internal standard  Injection standard.
 Sensitivity.
The above controls are described in Wageningen Marine Research working instruction ISW 2.10.2.105.
If desired, information regarding the performance characteristics of the analytical methods is available at the chemical laboratory at IJmuiden.
If the quality cannot be guaranteed, appropriate measures are taken. Wageningen University & Research is the collaboration between Wageningen University and the Wageningen Research Foundation and its mission is: 'To explore the potential for improving the quality of life'
